OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET J_ OF 42 



15 

A. 



DL current 
source 



12- 



CD 
"O 
O 
O 
CD 



O 



14 



o 

QJ 

CD 

GO 



Sense 
amplifier 



FIG.1 



T 

20 



Column decoder 



BL selector 



Memory 
cell array 



BL selector 



•13 



17 



11 



17 



18 

A. 



10 



BL current 
source/sink 



CO 
-4— » 

CD 

o 

— I 

Q 



16 



Column decoder [ —-13 



BL current 
source/sink 

19 




OBLON, SPIVAK, ET AL 
DOCKET #: 2S1023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 2 O F 42 



To BL current source/sink 



r 



WLO 



< 




> 



J 



To BL current source/sink 



FIG. 2 



OBLON, SPIVAK, ET AL 
DOCKET U: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 3 O F 42 





OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 4_OF_42_ 



O 



Hard axis direction 



DLO 



Write 
current 12 



DL1 



MC11 



1 



MC01 



D £ MC23 ^ 



t: 



4 



t 



4- 



t — 



21 



MC22 



MC31 



1 



J-30 



-t: 



MC21 



4- 



| r 



MC20 



DL4 

L 



4+ 



DL5 

L 



MC51 



4- 



MC41 



t — 



BL3 



BL2 



4 



BL1 



BLO 



Write current 11 



FIG. 6 



OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 5 O F 42 



40 



CD 

o 30 

CO 

c: 

CD 



CD 



O 



CD 



20 



S? 10 



l — ' — l — ' — l — r 
w=300nm 
h=100nm 
l=3mA 




-300 -200 -100 0 100 
F I G. 7 Distance [nm] 



300 




FIG. 8 



OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 6 OF 42 



40 I 1 1 1 1 1 1 r 




0 10 20 30 40 

F I G. 9 Magnetic field in hard axis direction Hx [Oe] 




OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa IWATA, ct al. 
SHEET 7 O F 42 




F I G. 12 Magnetic field in hard axis direction Hx [Oe] 



OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa FVVATA, et a!. 
SHEET J|_ O F 42 



FIG. 13 

50 



! k N 


> 


k 






h< - — >- 






-< 

w 





-Line path 



CD 

O 



FIG. 14 



FIG. 15 



t 1 1 1 1 1 1 1 ' 

(b • Hx) 2 / 3 +Hy 2 / 3 =Hs 2 / 3 . 



Write area 




0 10 20 30 40 50 
Magnetic field in hard axis direction Hx [Oe] 



~~ i 1 1 1 — i 1 — 

(b • Hx) 2 / 3 +Hy 2 / 3 =Hs 2 / 3 - 




■ i i i i i i i i 



0 10 20 30 40 50 
Magnetic field in hard axis direction Hx [Oe] 



OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa HVATA, et al. 
SHEET 9__ OF 42 




F I G . 1 6 Magnetic field in hard axis direction Hx [Oe] 




FIG. 17 Magnetic field in hard axis direction Hx [Oe] 



OBLON, SPIVAK, ET AL 
DOCKET U: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET J0_ O F 42 




WRITE 
DATA 

WRITE 
/DATA 



FIG.18 



OBLON, SPIVAK, ET AL 
DOCKET U: 251023US2S 
INV: Yoshihisa IWATA, ct a!. 
SHEET 11 O F 42 




78(W13) 



74 



H|>|"0 Hl>{ m 

^ ' — * — I > Isource 



77(W12) 



FIG. 19 



c: 




Temperature 

FIG. 20 



OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa IVVATA, ct al. 
SHEET J2_OF_42_ 




OBLON, SPIVAK, ET AL 
DOCKET 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 13 O F 42 




WRITE 
/DATA 



FIG. 22 



OBLON, SPIVAK, ET AL 
DOCKET U: 251023US2S 
INV: Yoshihisa IWATA, ct al. 
SHEET 14 OF 42 





FIG. 25 



OBLON, SPIVAK, ET AL 
DOCKET U: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 15 OF 42 




i 



78 

|[>lm 

77 ? n T 92 

sl . . 

no <i|-o<J-^ZJopti 

\ > Isource 



<ZJ0pt2 



74 



F I G. 26 



o 




Isource (0pt1="H") 

Isource (0pt1 =0pt2="H") 
110 

Isource (0pt2="H") 
111 



112 



Temperature 



F I G. 27 



OBLON, SPIVAK, ET AL 
DOCKET U: 251023US2S 
INV: Yoshihisa IWATA, ct al. 
SHEET 16 O F 42 




76-1 



86 



3 



87 ' 



"1 



88 



89 ; 
90 a ^ 



98 Q 

S 



H 



99 9 

HE 1 115 



100 



i 



74 



[>| 113 3K<HOVtemp 
' r* 1 > Isource 



HI 



95 



94 



114 

3 



97 

S 



I 



< I Vtemp 



93 



F I G. 28 




OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 17 OF 42 



A 




"H" level 




Vtemp 






V level 






; 



Temperature 




Temperature 

F I G. 33 



OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa IAVATA, et al. 
SHEET 18 O F 42 




FIG. 31 



OBLON, SPIVAK, ET AL 
DOCKET U: 251023US2S 
INV: Yoshihisa IWATA, ct al. 
SHEET 19 OF 42 




FIG. 32 



OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 20 O F 42 




OBLON, SPIVAK, ET AL 
DOCKETS: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET J2L_ OF 42 



"H" level "H" level 




FIG. 35 



TV 12 
Temperature 



FIG. 37 



OBLON, SPIVAK, ET AL 
DOCKET U: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 22 OF 42 




OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 23 OF 42 




WRITE 
DATA 

WRITE 
/DATA 



_J 19 FIG. 38 



OBLON, SPIVAK, ET AL 
DOCKET Hi 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 24 O F 42 



SR<j> /SR<j> 



r 



( 

Jr. 




/RSTEST — | 
167 



F I G. 39 



D<j> 



SR<j> /SR<j> 



F I G. 40 




RSPRO 



- Vclamp 



OBLON, SPIVAK, ET AL 
DOCKET #: 2S1023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 2S O F 42 




WRITE 
/DATA 



IG.41 



OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
1NV: Yoshihisa IWATA, et al. 
SHEET 26 OF 42 




WRITE 
/DATA 



FIG. 42 



OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 27_ OF 42 



Current supply 
circuit 

~r 

70 



BL current source 



Vie 



i 

BL selector 



18-1 



•17 



CD 



O 
GO 



CD 

Z3 
O 

O 



o 

CD 

CD 
CO 



Memory 
cell array 



cz 

CD 



I 

Q 



-16 



T 

15 



T 

14 



co 



CNJ 



CO 



LH 



BL selector 



I 



CO 
CO 



cni 

CO 
CO 



BL current source 



19-1 



CNJ 
CO 



CNJ 

CNJ 

ai 

CO 



190 



Control circuit 



J. 



FIG. 43 



Temperature sensor 



-200 



( Start ) 



Set temperature 



.SI 



I 



S2 



Search for optimum write currents II, 12 at 
temperature 



S3 



Determine whether or not different temperature 
at which write currents are set is provided 



,S4 

Are write 
'currents set at different^ 
temperature ? 



YES 



1N0 

FIG. 46 ( End ) 



OBLON, SPIVAK, ET AL 
DOCKET #: 25I023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 28 OF 42 



70 

Current supply 
circuit 



BL current source 



11 



BL selector 



cn 

CO 



CVJ 



CO 



CD 
O 



O 

CO 



CD 



=3 
O 



T 

15 



o 

CD 

CD 
CO 



T 

14 



IT 



-18-1 
-17 



Memory 
cell array 



HL 



CD 

Z3 
O 

I 

Q 



•16 



BL selector 



BL current source 



CO 
Cn 
CO 



CVJ 

CO 
Cn 
CO 



-17 
-19-1 



CVI 

CO 



210 

_s_ 



CVI 
CVJ 
Cn 
CO 



Switching circuit 







CVJ 




CVJ 




CVJ 




CVJ 




CVJ 




CVJ 




CVI 




CVI 




CVJ 




cvi 




CVJ 




CVJ 








CVJ 


CVJ 


CO 


CO 






CVJ 


cvj 


co 


CO 






CVJ 


CVJ 


CO 


CO 






CVJ 


CVJ 


CO 


CO 




cn 


cn 


Cn 


cn 




cn 






on 


cn 


cn 


cn 


cn 


cn 


cn 


cn 


cn 


cn 


cn 


cn 


cn 


cn 


cn 


cn 




CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


oo 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 





Setting circuit 



160-1 



Setting circuit 

— s — 

160-2 



Setting circuit 

— s — 

160-3 



Setting circuit 



160-4 



Temperature sensor 
200 

FIG. 44 



OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa IAVATA, et al. 
SHEET 29 OF 42 



r 



V V 



CX). 



-1— » 




d 


CZ 


CD 


"co 






=5 


CD 


o 




i_ 


1 BL 


13 
O 

CO 



2 



DL current sink 




13 
O 

O 



L. 







cz 


CZ 


CD 


"oo 






=3 


CD 


O 


O 




1 


SOU 


DQ 



o b: 
E «* 

CD = 
IE CD 
o 



-4— » 




CZ 






CD 

o 


GUI 


our 


—i 


CO 


Q 







lector - 




decoder * 




CD 
CO 




cz 






E 




1 




=3 




DQ 




O 








O 









DL selector 



nr 



i 



Row decoder 




CZ 




CD 


o 




13 


Q. 


CD 


«S 
15 


gen 


Q 









CD 


CD 


CO 


M — 


cz 




CD 


GO 


E 
cd 



CO 
CO 
CD 

o -o 
Qz cB 



CO 



jL 



X 



-»-» 




Z3 




Q. 


CD 


_cz 


> 


ctf 


*CD 


O 


15 


CD 







T CO *r 



CO 




CO 


CD 


CD 


-»-» 


i_ 


CZ 




O 




O 


5 





co 

CO 



CD 
O 
CZ 
CD 
Z3 
CD- 
CD 
CO 



-1— » 




Z3 




inn 


CD 




eiv 


CO 
CO 


CD 


c_> 




CD 


"O 








<: 





cz> 

CVI 



O 
CD 

CD 
co 

CD 

o 



CO 



co 
cvj 




CO 
CO- 
CO 



+ 


'ansfer 


CD 

15 






> 





CO 

<zo 



CZt 
Z3 

O 



o 

CD 
CZ 
CD 
OO 



O 

o 

o 




CO 
CO 
LO 



■*-» o 



co -ti 
co Z3 
CD Q. 



CZ 

op 

CO 



as -tf 

-4—1 Z3 
OS Q. 

o 



LO 

o 



OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 30 O F 42 



Temperature 
range 


11 


12 


T1-T2 


Iw1 


Ib1 


T2-T3 


Iw2 


Ib2 


T3-T4 


Iw3 


Ib3 


T4-T5 


Iw4 


Ib4 



F I G. 47 



Temperature 
range 


11 


11 /I2 


T1-T2 


Iw1 


c10 


T2-T3 


Iw2 


c20 I 


T3-T4 


Iw3 


c30 


T4-T5 


Iw4 


c40 



F I G. 49 



F I G. 48 



Temperature 
range 


11 


I2("0" data) 


I2("l" data) 


T1-T2 


Iw1 


Ib10 


Ib11 


T2-T3 


Iw2 


Ib20 


lb21 


T3-T4 


Iw3 


Ib30 


Ib31 


T4-T5 


Iw4 


Ib40 


Ib41 



F I G. 50 



Temperature 
range 


11 


11/I2("0" data) 


I1/12("1" data) 



T1-T2 


Iw1 


c11 


c12 


T2-T3 


Iw2 


c21 


c22 


T3-T4 


Iw3 


c31 


032 


T4-T5 


Iw4 


c41 


c42 



OBLON, SPIVAK, ET AL 
DOCKET U: 251023US2S 
HW: Yoshihisa IWATA, et al. 
SHEET 31 O F 42 



( Start ) 



S11 



Initialize pass bit number storing 
register 



S12 



Initialize write current setting register 



S13 



Set current magnetic field 



S14 



Write data into memory cell 



S15 A 



Generate address 



,S16 



Read out data 



S17 



Compare readout data with data 
pattern 




S19 



Count up count number 



V Verification for written data 




J 



S2 



Compare count number of pass bit 
counter with pass bit stored in pass 
bit number storing register 



,S22 

Is count " 

"number larger than pass* 

J)it stored in pass bit number^ 

storing register 
? 

NO 



YES 



S23 



Store write current value and 
temperature into write current 
setting register and store count 
number into pass bit number 
storing register 



YES 



FIG. 51 



Is 

"another current" 
magnetic field setting 
point provided 



{NO 



OBLON, SPIVAK, ET AL 
DOCKET U: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 32 O F 42 



I1/I2=c4 




FIG. 52 



3 

CO 



DLO 



ca 



MCOO 



3 

CO 



MC01 



a- 



CO 



MC02 



CO 



MC03 

a — 



MC04 



nil JMC10 IMCH IMC12 IMC13 JMC14 

bLi -a — □ — □— — □ — □ — 



o- 



Dl 2 IMC20 IMC21 IMC22 ImC23 IMC24 

^-p □ 6 □ □- 



DL3 1MC30 IMC31 MC32 IMC33 IMC34 
l L6 -Q 6 Qr □ Q- 



DL4 



MC40 



MC41 



MC42 



a- 



MC43 



MC44 



a- 





0 


1 


2 


3 


4 


0 


U-| )J 


"0" 




"0" 


^1 jj 


1 


"0" 


f<1 JJ 


"0" 


ft .j M 


"0" 


2 


JJ 


"0" 


« -j jj 


"0" 


» 


3 


"0" 


tf 1 J) 


"0" 


ft 1 JJ 


"0" 


4 


JJ 


"0" 




"0" 


JJ 



F I G. 54 



FIG. 53 



OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa NVATA, ct al. 
SHEET 33 O F 42 




\ \ \ \ v 

\ \ \ \ N 

>x\ \\> 

\ ,A \AREA6 
AREA1 \J \ >n 



AREA2 V 




AREA3 \ 



ARFA4 "*"•«- 1 1 1 

\ ^ ^' 1 



n 



F I G. 56 



CNJ 



OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 34 O F 42 



T1-T2 




Low temperature 



High temperature 



F l G. 57 



n 



( Start ) 



S30 



Hold optimum write currents 11, 12 



S31 



Select digit line DL and bit line BL 



,S32 



Detect temperature 



,S33 



Read out data from write current 
setting register according to temperature 



,S34 



Supply write currents 11, 12 according to 
readout data from write current setting 
register 



( End ) 



FIG. 58 



OBLON, SPIVAK, ET AL 
DOCKET M: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET _35_ OF 42 



51 (BL) 



F I G. 59 




34 35(WL) 34 



31 




FIG. 60 



30 



51 (BL) 47 48 49 

X ' ' ' 



FIG. 61 




36 

F I G. 62 












m 




w 





.XX^STI \\ 




OBLON, SPIVAK, ET AL 
DOCKET #: 25I023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 36 O F 42 




F I G. 63 




30 



FIG. 65 



51 (BL) 47 48 49 




30 



720(WL) 47 48 49 



-33 



F I G. 64 



FIG. 67 





720(WL) 



-49 1 
710 

700 y 30 
48 



F I G. 66 



FIG. 68 




OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 37 O F 42 



DLO 



DL1 



DL2 



BLO 

S 



BL1 

i 



J w I 
• s\ i 
I' * 



IT Z 
I \ / ■ 



CP 



21 




I /S | 



BL2 



30 




f>c — 7. r< — 7 



N ✓ I 



I 



P 



BL3 

A 



h — 7. 



"1 



1 ^ i 



o 
o 

=6 A 



8 



- 



BL4 

A. 



r< — z 

[ N ✓ I 



L— -J 



p 



Hard axis direction 



j 



FIG. 69 



OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa IWATA, ct al. 
SHEET 38 O F 42 



( Start ) 



,S11 



Initialize pass bit number storing 
register 



,S12 



Initialize write current setting register 



S13 



Set current magnetic field 



S14 



Write data into memory cell 



Generate address 



S16 



Read out data 



S17 



Compare readout data with data 
pattern 




Count up count number 




V Verification for written data 



J 



S21 



Compare count number of pass bit 
counter with pass bit stored in pass 
bit number storing register 



,S41 

Is count * 
fiumber smaller than pasT 
jDit stored in pass bit. number^ 

storing register 
? 

NO 



YES 



,S23 



Store write current value and 
temperature into write current 
setting register and store count 
number into pass bit number 
storing register 




F I G. 70 



OBLON, SPIVAK, ET AL 
DOCKET #: 251023US2S 
INV: Yoshihisa IWATA, ct al. 
SHEET 39 O F 42 



800 



10 



CLE 



ALE 



--> 

DAT 

<c=b 

R/B 



Semiconductor memory device 



FIG. 71 



800 



CLE j 

C= T > 
ALE 

DA l_L 

R/B 

c 



/-400 



Peripheral circuit 
block 



/-600 



Write current 
control block 



10 



/•300 



Memory cell 
block 



y-300 



Memory cell 
block 



FIG. 72 



OBLON, SPIVAK, ET AL 
DOCKET H: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 40 O F 42 



800 



CMD 

<=£> 
CLK 

> 



DAT 

<=%> 



FIG. 73 



£81 2 



l/F 



/-813 



MPU 





£81 4 



Buffer 
RAM 



A 810 



^811 



l/F 



815 



ECC 



Controller 



10 



Semiconductor 
memory device 



800 



CMD 
CLK ^ 



DAT 



/•810 



JL 



812 



l/F 



813 



MPU 





^814 



Buffer 
RAM 



811 



l/F 
A 815 



ECC 



Controller 



10 



^400 



Peripheral 
circuit 
block 



JL 



600 



Write 
current 
control 

block 



JL 



300 



Memory 
cell 
block 



JL 



300 



Memory 
cell 
block 



FIG. 74 



Electronic /i_ 
device \j— 




OBLON, SPIVAK, ET AL 
DOCKET Ui 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 41 O F 42 




F I G. 76 




OBLON, SPIVAK, ET AL 
DOCKET U: 251023US2S 
INV: Yoshihisa IWATA, et al. 
SHEET 42 OF 42 



IC chip 



1100 




F I G. 78 



1200 1300 1400 



1600 

_J_ 



External 
device 



i> 



Plane 
terminal 



i 



1100 



ROM | | RAM 



Control 
section 



1510 



Nr-t-i^ 



A 
V 



T 

1520 



10 



Semiconductor 
memory device 



Calculation 
section 



! CPU 
r-1500 



! ! 



F I G. 79 



